Background-Alcohol dependence is extremely common in patients with bipolar disorder and is associated with unfavorable outcomes including treatment non-adherence, violence, increased hospitalization and decreased quality of life. While naltrexone is a standard treatment for alcohol dependence, no controlled trials have examined its use in patients with co-morbid bipolar disorder and alcohol dependence. In this pilot study, the efficacy of naltrexone in reducing alcohol use and on mood symptoms was assessed in bipolar disorder and alcohol dependence.
INTRODUCTION
Lifetime rates of substance use disorders of approximately 61% are reported in bipolar I disorder and 48% in bipolar II disorder (Regier et al., 1990) . When present in persons with bipolar disorder, substance use disorders are associated with decreased quality of life (Singh et al., 2005) , increased hospitalization (Sonne et al., 1994) , increased violence (Scott et al., 1998) and treatment non-adherence (Aagaard and Vestergaard, 1990) . Alcohol is the most commonly abused substance in patients with bipolar disorder with a lifetime prevalence of 46% (Regier et al., 1990) . Thus, the treatment of patients with bipolar and alcohol use disorders is a major public health concern.
One approach is to treat the substance use disorder by ameliorating the bipolar disorder symptoms. Two randomized, placebo-controlled trials used medications for symptoms of bipolar disorder and examined the impact on alcohol use (Brown et al., 2008; Salloum et al., 2005) . Salloum et al reported that 24 weeks of valproate therapy was associated with a significant reduction in heavy drinking days in 59 patients with bipolar disorder I and alcohol dependence. Brown et. al. reported a reduction in depressive symptoms, but no significant between-group differences in alcohol use, in 115 outpatients with bipolar disorder I or II disorder and alcohol abuse or dependence given 12 weeks of quetiapine (Brown et al., 2008) .
Another approach is to use medication to directly decrease substance use. One of the most efficacious medications for the treatment of alcohol dependence is the opioid antagonist naltrexone. This FDA-approved treatment of alcohol dependence has been shown to increase the time to first drink, the time to heavy drinking, days of drinking, alcohol craving and prevent relapse in patients with alcohol dependence in most (Anton et al., 1999; Chick et al., 2000; Heinala et al., 2001; O'Malley et al., 1992; Oslin et al., 1997; Volpicelli et al., 1992) but not all (Kranzler et al., 2000; Krystal et al., 2001 ) clinical trials.
To date, two studies have explored the use of naltrexone in alcohol-dependent patients with co-morbid bipolar disorder. Petrakis et. al. reported reduction in alcohol consumption in a group of 254 dual-diagnosis patients with a variety of psychiatric disorders, including 49 with bipolar disorder, treated with naltrexone, disulfiram or the combination (Petrakis et al., 2005) . We previously reported a decrease in days of alcohol use, alcohol craving, and manic and depressive symptoms in 34 outpatients with bipolar disorder and alcohol dependence given open-label naltrexone for 16 weeks (Brown et al., 2006) . We now provide randomized, placebo-controlled data on naltrexone in patients with bipolar disorder and alcohol dependence. The primary aim of this pilot study was to determine if naltrexone add-on therapy was associated with a greater reduction in alcohol use as judged by percentage of drinking days (primary outcome measure), and heavy drinking days and serum γ-glutamyltransferase (GGT) levels (secondary outcome measures) than placebo therapy in outpatients with bipolar disorder and alcohol dependence. The secondary aim of the study was to determine if naltrexone add-on therapy is associated with a greater reduction in alcohol craving than placebo therapy in outpatients with bipolar disorder and alcohol dependence. Changes in mood and treatment adherence were also explored.
MATERIALS AND METHODS
A 12-week, randomized, double-blind, parallel-group, placebo-controlled trial of naltrexone was conducted in outpatients with bipolar disorder and alcohol dependence after providing UT Southwestern IRB approved written consent. Potential participants were identified through newspaper advertisements, physician referral and through flyers and brochures at clinics.
Inclusion criteria were outpatient English or Spanish-speaking men or women with a diagnosis of bipolar I or II disorder based on the Mini International Neuropsychiatric Inventory (MINI), a structured diagnostic interview based on DSM-IV criteria (Sheehan et al., 1998) , current mood state of depressed or mixed (meeting criteria for both mania and depression) mood, current alcohol dependence, alcohol use of at least 5 drinks in the 7 days prior to intake, and age 18-70 years. Excluded were those with baseline Young Mania Rating Scale (YMRS) (Young et al., 1978) or 17-item Hamilton Rating Scale for Depression (HRSD 17 ) (Hamilton, 1960) scores ≥ 30 to exclude those with very severe baseline mood symptoms, current dependence on substances other than alcohol (except nicotine), lifetime opiate abuse or dependence or current use by self report or urine drug screen, current therapy with acamprosate or disulfiram, mental retardation or other severe cognitive impairment, current incarceration, pregnant or nursing women or women of childbearing age who did not use acceptable methods of birth control during the study, prior therapy with naltrexone, high risk for suicide, intensive outpatient treatment (defined as ≥ 3 visits each week) for substance abuse (AA, NA meetings, or less intensive counseling at baseline were allowed), severe or life-threatening medical condition, aspartate aminotransferase (AST), alanine aminotransferase (ALT), or bilirubin > 3 times upper limit of normal, or a history of severe alcohol withdrawal.
Baseline assessments included the MINI, HRSD 17 , Inventory of Depressive Symptomatology-Self-Report 30-item version (IDS-SR 30 ) (Rush et al., 1996) , YMRS, Penn Alcohol Craving Scale (PACS) (Flannery et al., 1999) , Psychobiology of Recovery in Depression III -Somatic Symptom Scale (PRD-III) (Thase et al., 1996) , Addiction Severity Index (McLellan et al., 1980) a liver panel, physical examination, and for women of childbearing potential a urine pregnancy test. Recent alcohol use (and if present other substance use) was quantified using the Timeline Follow Back (TLFB) method (Sobell and Sobell, 1992) . Mood, alcohol use and craving and side effect assessments were repeated at each weekly appointment for 12 weeks. Naltrexone (50 mg/day) or identical appearing placebo was initiated in a blinded fashion at week 0 to participants with active alcohol use. All participants received manual-driven cognitive behavioral therapy (CBT) designed for patients with bipolar disorder and substance use (Schmitz et al., 2002) . CBT was administered by trained and experienced therapists. The cognitive behavioral treatment was a 16 session manual based therapy designed specifically for treating patients with bipolar and co-morbid substance abuse disorders. Sessions included education about bipolar disorder and substance abuse, identification of symptoms of relapse, and coping skills training. Training techniques include daily monitoring of mood, drug use/craving and medication use, didactic presentations, practice exercises, and homework. Changes in concomitant medications were made, when necessary, using the Texas Medication Algorithm Project guidelines for bipolar depression and manic/mixed states (Crismon et al., 2007) . Thus, concomitant medication doses could be adjusted or new medications added, if needed, to manage symptoms of bipolar disorder. Participants were paid $20/weekly for each assessment visit and received a $2 vouchers for food, and parking tokens or bus passes. The trial was registered at clinicaltrials.gov.
Statistical Analysis
Demographic and baseline clinical characteristics were compared between treatment groups using t-tests for continuous measures and chi squared tests for categorical measures. Percent of drinking days and heavy drinking days per week were analyzed using a declining-effects random-regression model (Kashner et al., 2003) where the treatment effect was divided into an initial period effect as measured by the change from the initial of treatment at baseline to the first visit (week 1) and a subsequent time trend treatment effect as measured by the change from week 1 to week 12. The initial treatment effect is estimated separately from the subsequent time trend treatment effect because the initial effect perhaps relates primarily to the non-specific effects of entering an alcohol treatment study and may be very different with regard to size and/or direction from the time trend effect which perhaps more accurately reflects the effects of the treatment. The division into two parts is done because treatment effect is frequently not constant over the course of the trial. If two distinct types of effects are present (initial effect and subsequent time trend effect), a model that allows for estimation of these effects will be more informative and better fitting than a model that does not address this feature of the data. Also, basing the initial effect on the change to the first measurement occasion means the maximum number of observations are available to estimate the subsequent time trend. Note that randomization does not have any affect on this non-constant nature of the treatment effect.
However, the validity of these random regression models are questionable because the substantial number of visits with zero percent of days (20.1% of visits had zero percent of drinking days and 44.9% had zero percent of heavy drinking days) violates the assumption of normality. Therefore, secondary analyses were conducted to examine whether or not the participant had any drinking days or heavy drinking days in a given week using a binary outcome of 0, for no days during the week and 1 for at least one day during the week. Binary data were analyzed in the same manner as the continuous outcome data except that we used a generalized linear mixed model (GLMM) (Wolfinger and O'Connell, 1993) which adapts the random-regression model for a binary outcome as implemented in the SAS Glimmix program. Effect size for binary and continuous outcomes was stated in terms of Cohen's h and Cohen's d, respectively (Cohen, 1998) . Effect sizes were calculated using the adjusted model estimates evaluated at week 12. The effect sizes are not based on an analysis of completers at week 12 but include all of the available data. Number of drinks per drinking day and GGT levels were also analyzed using a declining effects random regression model; however, a log transformation of these outcomes was used to satisfy the assumption of normality necessary to use random regression. PACS, HRSD 17 , IDS-SR, and YMRS total scores were also analyzed using a declining effects random regression model. Because AST and ALT were measured only at baseline and week 12 they were assessed using analysis of covariance (ANCOVA) with the baseline level of the outcome measure as the covariate. All models included terms for time, treatment group, and treatment group by time interaction. The baseline value of the outcome measure was always used as a covariate. The following variables were considered as potential additional covariates: age, gender, race, education, family history of alcohol abuse, baseline HAMD, YMRS, PACS, ASI alcohol score, ASI drug score, GGT, AST, and ALT. Also considered were use (yes/no) at baseline of lithium, anticonvulsants (valproate), antipsychotics, antidepressants, sedatives, and total number of concomitant meds taken at baseline. No adjustment was made for multiple testing since it is preferable to err on the side of including unimportant covariates then to leave out important covariates. Covariates were selected if they improved the BIC (a measure of goodness of fit). We did not look at any p-values and covariates were selected without regard to whether they enhanced or diminished the significance of the group effect.
Models were checked for the presence of outliers and influential points. Log of week was used as the measure of time for all analyses except GGT because a straight-line relationship was obtained between the outcome measure and log of time whereas the relationship between outcome and time was not a straight line. Thus, time trends were reported as rate of change per log week since the rate of change is constant when time is measured in log units. Log weeks scale can be convereted into weeks as follows: 0 log weeks = 1 week, 1 log week = 2.7 weeks, 2 log weeks = 7.4 weeks, 2.4 log weeks = 12 weeks. Adherence was computed for the naltrexone group as the percent of pills taken per week (pills taken between visists/ pills that should have been taken between visits). Adherence by week was included as a time-varying covariate in random regression models of change from baseline in percent of drinking days, percent of heavy drinking days, and drinks per drinking day using only the naltrexone group. All analyses used all available data (intent-to-treat sample). An assessment at baseline and at least one post-baseline were required for a patient to be evaluable.
RESULTS
Of the 50 patients randomized (23 naltrexone, 27 placebo), 7 did not return after baseline (3 naltrexone, 4 placebo) leaving 43 evaluable patients. Of the 43 evaluable patients (20 naltrexone, 23 placebo) dropouts consisted of 3 patients after week 1 (1 naltrexone, 2 placebo), 4 patients after week 2 (2 naltrexone, 2 placebo), 1 naltrexone patient after week 3, 2 placebo patients after week 4, 1 placebo patient after week 5, 2 naltrexone patients after week 8, 1 placebo patient after week 9, 2 placebo patients after week 10, and 1 placebo patient after week 11. Thus, 26 patients completed (14 naltrexone, 12 placebo) the study. The average time in study was 6.8 weeks for the naltrexone group and 70.0% completed. For the placebo group the average time in study was 8.3 weeks and 52.2% completed. The difference between groups was not significant based on the log-rank test (chi-square=1.1, df=1, p=.2943). The average time in study was less in the naltrexone group even though the completion rate was higher because the patients who dropped out did so early in the study (all dropped out before week 8) (Figure 1 ). The two groups did not differ significantly on any baseline characteristic examined (Table 1) .
Results of the random regression analysis are given in Table 2 . Random regression analysis of percentage of drinking days per week (covariate: baseline percentage of drinking days) declined non-significantly more in the naltrexone group than the placebo group from baseline to week 1. The decline per log week from week 1 to week 12 was similar in each group (Table 2) . Binary repeated measures analysis (covariates: baseline percent of drinking days and HRSD 17 total score) showed that change in probability of having at least one drinking day between visits did not differ between groups from baseline to week 1 (f 1,223 =0.4, p=0.54) but a trend was observed toward greater decrease from week 1 to week 12 with naltrexone than placebo (f 1,344 = 3.3, p=.07) (Figure 2) . At week 12, 33.1% of naltrexone participants were estimated to have had zero drinking days that week compared to 7.3% of placebo participants (effect size = 0.68). Of note, anticonvusant use and specifically valproate use were examined as possible covariates but were rejected since the did not improve the fit of the model for this and other outcome measures. They also did not significantly change the results. However, a variable was also added to the dataset with the specific name of the anticonvulsant used. A 28% or greater improvement from baseline to exit in percent of drinking days was used for response since this roughly split the sample into equal parts. A 28% improvement is about 2 days fewer drinking days per week. Only 8 out of 43 (19%) of patients had a 50% or more improvement in percent drinking days. The following table shows the percent of patients receiving anticonvulsants each week by response status. Exit responders were more likely to have used valproate during the study than exit non-responders (38.9% vs. 12.5% at week 12). Thus, valproate use was likely not an important covariate because the effect is the same in both placebo and naltrexone groups.
Percentage of heavy drinking days per week (covariates: baseline percentage of heavy drinking days and ASI drug score) did not differ between groups either from baseline to week 1 or from week 1 to week 12 (Table 2 ). For the binary repeated measures analysis (covariates: baseline percentage of heavy drinking days, ALT, and PACS) change in probability of having at least one heavy drinking day between visits was not significantly different between groups from baseline to week 1 (f 1,219 =1.10, p=0.30) or from week 1 to week 12 (f 1,267 =0.30, p=0.86 ). An estimated 78.1% of the naltrexone group had zero heavy drinking days by week 12 compared with 54.4% of the placebo group (effect size = 0.51).
Analysis of the number of drinks per drinking day (covariates: number of drinks per drinking day) showed a non-significantly greater decline with naltrexone from baseline to week 1 and week 1 to week 12. At week 12 the number of drinks per drinking day was estimated to be reduced by 63.4% from baseline levels in the naltrexone group versus a 32.8% reduction in the placebo group (effect size=0.72).
Decline in PACS (covariates: baseline PACS score, ASI alcohol and drug scores, YMRS score, level of education, use of lithium, antipsychotics, antidepressants or sedative/ hyponotic/anxiolytics,) from baseline to week 1 was numerically larger for naltrexone participants than placebo while decline in PACS from week 1 to week 12 showed a trend toward significance favoring naltrexone (Table 2; Figure 3) . At week 12, the naltrexone group had an estimated decline in PACS total scores of 9.3 points compared with 3.4 points for the placebo group (effect size=1.0).
Liver function measures showed greater numerical improvement in the naltrexone group than placebo group. GGT levels (n=33) assessed at weeks 0, 4, 8 and 12 (covariates: baseline GGT score, ASI drug scores, and level of education) showed no significant between-group differences in change from baseline to week 4 or from week 4 to week 12 (Table 2) . From baseline to week 12 reduction in GGT was estimated to be 15.8% for naltrexone and 3.7% for placebo (effect size=0.42). AST (n=25) was assessed at week 0 and week 12 (covariates: baseline AST and lithium use). At week 12 the adjusted AST score showed a trend toward significantly lower AST in the naltrexone group (naltrexone=21.7 versus placebo=31.6, f 1,21 =4.20, p=.05). ALT (n=25) also assessed at week 0 and week 12 (covariates: baseline ALT and lithium use) and showed adjusted scores of 23.3 and 31.8 in the naltrexone and placebo groups, respectively, with a trend toward lower values in the naltrexone group (f 1,21 =3.00, p=.10).
The random regression model for HRSD 17 (covariates: baseline HRSD 17 score and level of education as covariates, and including a time squared term) showed no significant differences either from baseline to week 1 or from week 1 to week 12 (Table 2) . Decline from baseline to week 12 was numerically larger in the naltrexone group than the placebo group (−8.3 points versus −6.4 points) (effect size=0.56). Analysis of the IDS-SR (covariates: baseline IDS-scores, gender, level of education, family history of alcoholism, sedative/hypnotic/anxiolytic use, and ASI alcohol and drug scores) showed a trend toward a significant between-group difference from baseline to week 1 but not from week 1 to week 12. At week 12, IDS-SR scores had declined by an estimated 21.9 points for naltrexone participants and 10.8 points for placebo participants (effect size=3.0) ( Table 2 ). For the YMRS (covariates: baseline YMRS score, gender, lithium, antiseizure, antipsychotic or sedative/hypnotic/anxiolytic use, and ASI drug and alcohol scores) no significant betweengroup differences were observed from baseline to week 1 or from week 1 to week 12. At week 12, the decline from baseline in YMRS scores measured 9.3 points in the naltrexone group and 7.0 points in the placebo group (effect size=0.62).
The mean number of CBT sessions attended in the naltrexone and placebo groups (6.2±4.4 vs. 5.4±4.1) was similar (t 48 =0.7, p=.50). Outside care was uncommon and included weekly psychotherapy by a psychiatry resident and outpatient treatment at a substance abuse treatment facility (n=1 for each and both receiving placebo). Changes in concomitant medications consisted of addition of lithium (n=2 naltrexone, n=7 placebo), discontinuation of lithium (n=0 naltrexone, n=1 placebo), addition of an anticonvulsant (n=5 naltrexone, n=4 placebo), discontinuation of an anticonvulsant (n=1 naltrexone, n=0 placebo), addition of an antipsychotic (n=5 naltrexone, n=4 placebo), discontinuation of an antipsychotic n=0 naltrexone, n=3 placebo), addition of a sedative/hypnotic/anxiolytic (n=2 naltrexone, n=1 placebo) and discontinuation of a sedative/hypnotic/anxiolytic ((n=2 naltrexone, n=1 placebo). A total of 14 naltrexone patients had a medication addition and 3 a discontinuation as compared to 14 with additions and 5 with discontinuations in the placebo group. Chi squares comparisons of individual medication classes and overall additions and discontinuations showed no significant between-group differences (all p>0.05). Change in overall side-effect burden, as assessed by the PRD-III, was not significantly different between groups at week 6 (f 1,26 =0.02, p=.88) or week 12 (f 1,25 =1.10, p=.30).
Mean adherence, as measured by pill counts, for naltrexone-treated participants was 94.4% (SD=6.1), range 77.6% -100%) and 95.3% (SD=7.4, range 69.0% -100%) for placebotreated participants. Including weekly adherence as a time-varying covariate in the random regression model using only the naltrexone participants produced a significantly large negative adherence coefficient for outcomes change from baseline in percent drinking days (f 1,141 =11.5, p=.0009), percent heavy drinking days (f 1,127 =11.6, p=.0009), but not drinks per drinking day (f 1,103 =1.1, p=.2998). For the placebo group, the random regression analyses using weekly adherence (pill counts) as a time-varying covariate produced small non-significant adherence coefficients for change from baseline in percent drinking days (f 1,131 <0.01, p=.9631), and percent heavy drinking days (f 1,129 =0.5, p=.4712), but a significant negative coefficient was found for drinks per drinking day (f 1,112 =9.4, p=.0027).
DISCUSSION
To our knowledge, this is the first placebo-controlled trial to assess the efficacy of naltrexone specifically in patients with bipolar disorder and alcohol dependence. While alcohol consumption generally decreased numerically more with naltrexone than placebo, significant between-group differences on the primary outcome of drinking days were not found. The binary outcome of any drinking day each week showed a trend toward statistical significance, and naltrexone-treated patients were over four times more likely to have no drinking days at week 12. The PACS showed a trend toward a greater reduction with naltrexone suggesting that naltrexone reduced craving for alcohol in our sample.
GGT levels did not show significant between-group differences. However, AST and ALT levels showed trends toward lower levels at week 12 with naltrexone than placebo. These findings suggest that reductions in alcohol use with naltrexone were associated with changes in some, but not all, liver enzymes associated with alcohol dependence. It is surprising that we observed changes in liver enzymes that are generally less sensitive to change than the GGT. However, the finding is of clinical importance since AST and ALT elevations can be markers of alcohol-related hepatitis.
Overall, these data suggest that naltrexone was associated with a reduction in alcohol use compared to placebo even though the findings did not reach statistical significance. Our findings suggest that naltrexone was generally associated with a moderate effect size on alcohol use outcomes and a large effect size on craving in patients with bipolar disorder and alcohol dependence. Thus, naltrexone appears to be reasonably effective in reducing alcohol consumption and craving in this population.
Changes in the clinician-rated HRSD 17 did not differ between groups, although a trend toward greater reduction with naltrexone than placebo was observed from baseline to week 1 on the self-rated IDS-SR. No differences in manic symptoms were found. Our open-label trial of naltrexone in patients with bipolar disorder and alcohol dependence found a significant baseline to exit with-group reduction in both manic and depressive symptoms (Brown et al., 2006) . However, the changes were modest in magnitude.
Prior research suggests that adherence is related to reduction in drinking with naltrexone (Chick et al., 2000; Pettinati et al., 2000; Volpicelli et al., 1997) . The current study had similar findings, with adherence, based on pill counts, producing a strong and significant negative coefficient on alcohol use measures in the naltrexone group. The negative coefficient for adherence suggests that higher adherence was associated with a larger decrease from baseline in alcohol consumption measures. Medication adherence can be poor in dual diagnosis patients (Brown et al., 2001 ) although in the current trial adherence, as judged by pill counts was relatively high. Therefore, interventions that might further improve adherence, such as pill containers and long-acting depot formulations of naltrexone might result in greater medication effect sizes in this population.
Strengths of the pilot study include the randomized, placebo-controlled design and examination of a complicated clinical population that has not been extensively studied in clinical trials. Small sample size is a limitation since this study may have been underpowered to detect significant differences despite large numerical differences and effect sizes. Use of concomitant psychotropic medications is a potential confound. However, these medications were similar in the two groups and were controlled for in the data analysis. The use of CBT as a psychosocial platform in both groups could have resulted in a reduction in alcohol use that limited our ability to detect medication effects. However, prior research suggests that the specific CBT used in this study increases retention in treatment without significantly reducing substance use (Schmitz et al., 2002) . The COMBINE study found that either naltrexone or a combined behavioral intervention that integrated aspects of CBT was superior to medication management alone on drinking outcomes (Anton et al., 2006) . However, the combination of combined behavioral intervention and naltrexone was not superior to either intervention alone. In addition, some data suggest that CBT may even increase naltrexone vs. placebo differences in clinical trials (Anton et al., 2005; Oslin et al., 2008) . Naltrexone dose was fixed at 50 mg/day. We might have observed a greater reduction in alcohol use with a higher dose or a flexible dosing schedule (McCaul et al., 2000) . It would have been useful to have genotyped the participants given emerging data on genotype as a predictor of response to naltrexone (Anton et al., 2008; Ray and Hutchison, 2007) . Although participants in each group were similar at baseline, the modest sample size and relatively high attrition rate could have introduced bias in the study sample. A small study is also vulnerable to effects from outliers. However, the data analysis did not identify any outliers in the study. The participants were primarily Caucasian and recruited from a single geographic area, and many were not taking common bipolar disorders medications such as valproate or lithium at baseline potentially limiting the generalizability of the findings.
In summary, this study suggests that naltrexone was associated with improvement in some, but not all, alcohol-related outcome measures in patients with bipolar disorder and alcohol dependence. Reduction in alcohol use with naltrexone was related to medication adherence. Larger naltrexone trials in patients with bipolar disorder and alcohol dependence seem warranted. Survival analysis of naltrexone and placebo groups. Probability of one or more drinking days in the naltrexone and placebo groups at each assessment. Change in alcohol craving as assessed by the PACS in the naltrexone and placebo groups.
